Abstract -Satellite-tracked surface drifters were used to analyze the characteristics of inertial currents in the tropical Indian Ocean. The drifters were drogued at 15 m depth and had wind-produced slips less than 0.1 % of the wind speed. The rotary spectra of surface velocity components indicated the significance of inertial currents. They are circular (rotary coefficient \ 0.5), highly intermittent and contribute up to 46 % to the total kinetic energy of the surface flow field. Events of inertial activity, either triggered by the passage of atmospheric disturbances or by the local fluctuations in the atmospheric pressure (winds), did not last for more than 4 to 5 inertial cycles. The observed inertial frequency exhibited a shift towards the red end of the spectrum by 12 %. 
INTRODUCTION
Inertial currents in the ocean rotate clockwise (anticlockwise) in the northern (southern) hemisphere with period T= 2y/2d sin q; where d is the angular velocity of earth and q the local latitude of observation (Perkins, 1972) . The inertial currents were observed in the oceans and large lakes at all depths with velocities ranging from 10-80 cm·s − 1 (Webster, 1968) and are believed to be forced primarily by the winds (Pollard, 1970; Poulain, 1990) . It has been estimated that the energy in the inertial band can account for more than 50 % (Pollard, 1980; Thomson et al., 1998) of the total kinetic energy present in the mixed layer. Due to the substantial contribution of energy from the inertial oscillations, it would be worthwhile to document the inertial currents in greater detail in every ocean basin. Traditionally, the time series of currents obtained through moored instruments were used for the analysis of inertial and high frequency motions. Of late, the semi-lagrangian satellite-tracked surface drifters are also being used to analyze the high frequency motions (D'Asaro, 1985; Poulain, 1990; Poulain et al., 1992; Thomson et al., 1998) . The use of drifters for the analysis of inertial currents are advantageous as the drifter trajectories reproduce the inertial current loops.
Very few observations exists on the inertial currents in the Indian ocean. Though there are few from Arabian sea (Rao et al., 1996; Shenoi and Antony, 1991) , there are none from the Bay of Bengal and other regions of the tropical Indian ocean. This note presents the characteristics of inertial currents in the near surface layer of the tropical Indian ocean, their spectral characteristics and the response to the atmospheric forcings.
MATERIALS AND METHODS
The data from 29 drifting buoys, extracted from the archives of Atlantic Oceanographic and Meteorological Laboratory (AOML), National Institute of Oceanography (NIO) (Shenoi et al., 1997) and the data personally obtained from Dr Robert Molinari are used in this analysis. All the drifters had a 7 m long holey-sock drogue centered at a nominal depth of 15 m to ensure the water particle following property of the drifter and a drogue ON/OFF sensor to continuously monitor its presence. The data are included in this analysis only when the buoy had the drogue. The buoy with a drag area ratio, R, greater than 37 is expected to have a downwind slip less than 0.1 % of the wind speed (Niiler et al., 1995) ; hence, only those buoys were included in this analysis. Even with a wind speeds of 15 m·s -1 the error introduced bands for a period of 50 days or more. The drifters moved within a latitude band showed limited meridional excursions and hence negligible variations in the inertial frequency (see table I ).
RESULTS

Spectral characteristics
In order to determine the distribution of the kinetic energy due to horizontal currents as a function of frequency of motion, the average rotary spectra were determined for each latitude band following Gonella (1972) . The significant peaks of velocity spectra in the inertial band indicate the substantial presence of inertial currents in the tropical Indian Ocean (figure 1).
The energy in the inertial band is well above the tidal and higher frequency oscillations. As expected, the by the winds due to the slip of the drogue will not exceed 1.5 cm·s -1 (Shenoi et al., 1999) , which is very small compared to the typical inertial current amplitude ( 15 cm·s -1 ). However, during the passage of storms the error introduced by the downwind slips could reach 6 cm·s -1
. In this analysis, however, we have not corrected the data for the downwind slips.
Satellite based Argos system was used to determine the position of the buoy to an accuracy of approximately 350 m (Anonymous, 1990) . The unevenly spaced time series of buoy positions (up to 8 per day) were checked for consistency and edited to remove the dubious positions (Hansen and Poulain, 1996) . It is then interpolated using splines, to generate 4 equally-spaced values a day, and were used to construct the time series of zonal (u) and meridional (6) velocities.
The buoys moved in the latitude bands 5 -10°N and S and 10-15°N and S were selected for the analysis only if they remained within the specified latitudinal where S − and S + are the clockwise and anticlockwise spectra respectively (Gonella, 1972) . For currents rotating in a perfect circle, the magnitude of R c is unity and for rectilinear motion it is zero. In the inertial band, for most of the buoys, R c varies be- inertial current in the northern bands rotated clockwise while that in the southern band rotated anticlockwise. In both the hemispheres, the energy within the inertial band for the 5-10°latitude band appears to be higher than the inertial energy in the 10 -15°band. tween 0.5 to 0.98 (figure 2). At the inertial frequency, values of R c are lower than the theoretical values estimated following (Fofonoff, 1969) . This indicates greater rectilinearity of the observed inertial motions.
As indicated in table I, the buoys selected in this analysis have minimal meridional excursions and hence have negligible variations in the inertial frequencies associated with the change in latitudes. Earlier studies (Poulain, 1990; Salat et al., 1992; Thomson et al., 1998) report a shift between the observed and theoretical inertial frequencies. To estimate such shifts, the inertial frequency corresponding to the mean latitude around which the buoy moved, is considered as the theoretical frequency (f) and the frequency corresponding to the peak in the rotary spectra in the inertial band is considered as the observed inertial frequency (v). Out of the 19 buoys used to compute the frequency shift (figure 3), 16 showed red shift (i.e. observed inertial frequency less than the theoretical frequency) and the remaining 3 showed blue shift (i.e. observed frequency greater than the theoretical frequency). The average red and blue shifts work out to be 12 % and 5 %, respectively. Poulain (1990) reported a red shift of 0.07 cpd in the observed inertial frequency for the observations from North Pacific (California Current System). Likewise, Thomson et al. (1998) have reported a blue shift of 1.3 % in the northeast Pacific, and Salat et al. (1992) reported a red shift of 10 % in the shelf-slope front off northeast Spain. Interaction with the background mesoscale circulation is believed to be responsible for the shift of observed frequency towards the red side of the spectrum (Poulain, 1990) .
Intermittence of inertial currents
The inertial currents in the Indian ocean exhibited large temporal and spatial variations. Their magnitudes often varied from 10 cm·s -1 to 75 cm·s -1 and intensified only for a short duration. Mostly, the intensification continued for about 4 to 5 cycles (i.e., 14 to 28 days at 5-10°latitude band and 9 to 14 days at 10-15°band). The average contribution of the inertial currents to the surface currents is 36 % for 10 -15°latitude band and 46 % for 5 -10°band.
The local fluctuations in the atmospheric pressure/local winds always precedes the intensification in the inertial currents (figure 4). Such responses are more prominent, during the passages of cyclonic storms. Figure 5 accounts one such instance where a cyclonic storm passed over the Bay of Bengal during 21 to 25 November 1995 and intensified the inertial currents at a location as far as 300 km away from it. With the growth of the storm (a low on 21st, deep depression on 22nd and severe cyclone on 23 November 1995) the magnitude of the inertial currents as well as the size of the inertial loops (66 km wide on 25 November 1995) grew almost simultaneously. The inertial current attained a maximum speed of 75 cm·s -1 on 25 November during this process. This event, though strong, also didn't last for more than 5 inertial cycles (i.e. 11 days).
